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Introduction

40
Physical activity and exercise are important lifestyle behaviours for the general population: they are 41 associated with improvements in physical fitness and mental well-being (1, 2); they facilitate weight 42 management (3); and, independently of these benefits, they have been associated with lower 43 mortality rates (4). Physical activity/exercise may also be a useful adjunctive therapy for people with 44 inflammatory bowel disease (IBD) by improving immune function and mood, reducing fatigue, and 45 promoting gains in muscle and bone strength (5). However, the evidence for physical 46 activity/exercise in IBD is sparse, with only a handful of intervention studies (6-9), some of which 47 have methodological limitations such as short follow-up, no control group, and a small sample size. 48
As such, it is perhaps unsurprising that there are currently no evidence-based physical activity 49 guidelines that are specific to IBD. 50 51 Despite the numerous potential benefits of physical activity, there is evidence that a large 52 proportion of the IBD population is physically inactive, and that people with IBD are less active than 53 people without IBD (10, 11). Although the reasons for this are unclear, recent surveys have 54 demonstrated that many patients cite limitations to physical activity due to IBD-related factors such 55 as fatigue, joint pain, and lack of toilet access (12, 13). There is also evidence from other populations 56 that depression disorders and symptoms, which have a reported prevalence in IBD of 15.2% and 57 21.6%, respectively (14), may have an adverse impact on self-management behaviours such as 58 physical activity (15). A better understanding of the modifiable correlates of physical activity in 59 people with IBD will aid in the development of interventions with the potential to favourably-modify 60 behavioural and health outcomes. 61 6 was assessed using the PRO3 Index, with scores of <13, 13-21, 22-52 and ≥52 indicative of inactive, 94 mildly active, moderately active, and severely active disease, respectively (16). For people with UC or 95 IC, disease activity was assessed using the Patient-based Simple Clinical Colitis Activity Index (P-96 SCCAI), with scores of <5 and ≥5 indicative of inactive and active disease, respectively (17). 97
Depression and anxiety symptoms were measured by using the Hospital Anxiety and Depression 98 Scale (HADS) (18). Fatigue was assessed using items 4 and 5 of the IBD Fatigue Scale was calculated by multiplying the responses to these two questions. The third section of the survey 103 assessed participants' physical activity habits using the International Physical Activity Questionnaire 104 (IPAQ) -Short Form (20). Standard scoring criteria were used (http://www.ipaq.ki.se) to classify 105 respondents as 'inactive', 'minimally active' or 'HEPA active' (health enhancing physical activity; a 106 high activity category). Standard formulae were also used to produce a continuous indicator of 107 physical activity; a total physical activity score in MET-min/week, computed as the sum of walking, 108 moderate, and vigorous MET-min/week scores (http://www.ipaq.ki.se). Participants were also asked 109 to list up to 3 types of physical activity, exercise or sport that they most frequently participated in 110 over the past year, and up to 3 types of physical activity, exercise or sport that they avoided because 111 of their IBD in the past year. The final section of the survey assessed participants' perceived benefits 112 and barriers to exercise using the Exercise Benefits/Barriers Scale (21), and their reasons (if 113 applicable) for IBD limiting participation in physical activity. 114 115
Statistical analysis 116
All responses collected via Survey Monkey were inspected, downloaded into Excel, coded and 117 analysed using descriptive statistics (means, standard deviations [SD], medians, interquartile ranges 118
[IQR], frequencies, and percentages). All returned surveys were included in the analysis, regardless 7 of the amount of missing data. Consequently, the number of total responses for each survey item 120 varied due to missing data and refusal/inability to answer. 121 122 Multivariable linear regression analyses were conducted to determine the combination of clinical 123 and psychological indices that best explained the observed variations in physical activity and fatigue 124 scores. Separate models were constructed for people with CD and people with UC or IC (combined). 125
Inspection of the total physical score in MET-min/week demonstrated significant positive skew that 126 was transformed to a normal distribution using logarithmic transformation. The fatigue composite 127 score was treated as a continuous outcome, and inspection of the histogram demonstrated an 128 approximately normal distribution. 129
130
A multi-stage strategy was used to develop our explanatory models. Firstly, correlation matrices 131 were produced to explore the relationship between dependent variables (physical activity and 132 fatigue) and potential predictor variables (age, gender, disease severity, disease duration, 133 depression, anxiety, exercise barriers score, and exercise benefits score). Indices that demonstrated 134 significant correlation (two-tailed p<0.05) with the dependent variable were then carried forward for 135 inclusion in a 'stage 1' multivariable linear regression model. The final model was then constructed, 136 retaining only those coefficients making a significant (p<0.05) contribution to the overall model fit. Overall, there were 859 eligible respondents to the survey, of whom 75.2% were female (Table 1) . 144
The mean (SD) age was 37.3 (11.6) years, 52% had CD, and the median (IQR) time since diagnosis 145 was 87 (36 to 178) months. According to the PRO3 Index data, 28.3% of people with CD were in 146 clinical remission, and 19.0%, 45.1% and 7.6% had mildly-, moderately-, or severely-active disease, 147 respectively. Using the P-SCCAI data, 40.7% of people with UC or IC had inactive disease, and 59.3% 148 had active disease. Table 2 shows data on current treatments and surgical history. 149 150
Physical activity habits and limitations 151
Of the 737 respondents who completed the IPAQ, 17.1% were classified as HEPA (i.e., high) active, 152 49.6% as minimally active, and 33.3% as inactive (Table 3 ). The median total physical activity was 153 1866 (594 to 4040) MET·min/week and mean daily sitting time was 429 (225) min. The proportion of 154 physically-inactive individuals increased, in both disease sub-groups, with increasing disease activity. 155
For example, 21.7% of people with mildly-active CD reported being physically inactive versus 62.1% 156 of people with severely-active CD. The exercise barriers scores also increased, and the exercise 157 benefits scores decreased, with increasing disease activity (Table 3) . 158 159 Figure 1A shows that the respondents had participated in a wide range of activities/exercises in the 160 past year, with walking being the most common activity by far (56.7%). There were no marked 161 differences between disease sub-types. Similarly, the types of activity/exercise that were avoided 162 because of IBD did not differ markedly between CD and UC/IC respondents ( Figure 1B ). Of the 712 163 respondents, running/jogging was the most commonly avoided activity (32.2%). 164 165 Six hundred and seventy-seven participants (79%) reported that their IBD limited their participation 166 in physical activity/exercise ( Figure 2 ). The most common reasons were abdominal or joint pain (n = 9 473), fatigue or tiredness (n = 471), disease flare-up (n = 430), and increased toilet urgency (n = 411). 168
The proportion of respondents providing reasons tended to be higher in CD versus UC/IC (e.g., 80.9% 169 vs. 57.1% for abdominal or joint pain; 84.3% vs. 52.7% for fatigue or tiredness). 170 171
Depression, anxiety and fatigue 172
Of the whole IBD cohort, 33.1% and 22.3% of respondents had abnormal anxiety and depression 173 scores (i.e., HADS scores of 11 to 21), respectively. The anxiety and depression scores were generally 174 higher in CD versus UC/IC, with higher scores also seen in individuals with more-active disease ( Table  175 3). 176 177 Data on average fatigue levels in the past two weeks is presented in Figure 3 . Fatigue scores were 178 generally worse in people with CD, in females, in people with higher levels of disease activity, and in 179 people with lower levels of physical activity. For example, "severe fatigue" was more frequently 180 reported in people with CD than people with UC/IC (26.8% vs. 20.1%), in females than males (CD: 181 27.3% vs. 25.5%; UC/IC: 20.8% vs. 11.5%), and in physically-inactive individuals than high-active 182 individuals (CD: 33.8% vs. 19.0%; UC/IC: 38.5% vs. 9.4%). 183 all independently associated with lower physical activity (zero bouts of moderate-to-vigorous 233 physical activity during the 7-day accelerometer-wear period) (11). Unfortunately, the authors did 234 not report how much of the variation in physical activity was explained by these variables. Of these 235 predictor variables, only time since diagnosis was recorded in the current study, and we did not 236 observe a significant association (Table 4 ). The reason for this discrepancy is unclear, but may be due 237 to differences in the study populations and the way physical activity was measured and classified. In 238 the present study, although large amounts of the variability in total physical activity remained 239 unexplained by the regression models, it was notable that depressed mood emerged as being 240 independently associated with less physical activity in both CD and UC/IC sub-groups. Such an 12 association, which has previously been reported for adults with type 2 diabetes (22), might be 242 explained by depressed mood having an adverse impact on self-management behaviours (15); 243 however, the evidence from randomised controlled trials is currently equivocal as to whether 244 depression-specific management in depressed individuals leads to increased physical activity (23, 245 24). We acknowledge that cross-sectional studies cannot assign causality and highlight that the 246 inverse association between physical activity and depressed mood is likely bi-directional (25). 247
Viewed this way, our findings may suggest a potential beneficial effect of regular physical activity on 248 depressive symptoms in people with IBD. A recent meta-analysis of 35 randomised controlled trials 249 (n=1356) showed that exercise training is moderately more effective than a control intervention for 250 reducing symptoms of depression in adults with depression (2); however we are not aware of any but such information has practical value in the promotion of physical activity in this population. In 263 this study, walking was the most common form of physical activity that the respondents participated 264 in within the last year. Indeed, 57% of respondents cited walking, whereas the next most common 265 activities of cycling, running, swimming, and gym were each cited by less than 20% of respondents. 266
This finding is consistent with previous research that has demonstrated walking to be the most 13 common recreational and sporting activity undertaken by the general adult population (27) and 268 people with IBD (10, 12). Health promotion initiatives seeking to engage people with IBD in physical 269 activity need to be sensitive to the preferred mode of physical activity when designing interventions. 270
Achieving a better understanding of physical activity levels may also represent a meaningful step in 271 health promotion efforts in this population. Although 83% of all respondents indicated having 272 undertaken one or more forms of physical activity in the last year, the IPAQ data showed that the 273 same proportion (i.e., 83%) was classified as either "minimally-active" or "inactive". When compared 274 against the results of the International Prevalence Study on Physical Activity (28), which also used 275 the IPAQ short form to quantify physical activity levels, our findings suggest that people with IBD 276 (and particularly those with more highly-active disease) are substantially less physically active than 277 the general adult population. For example, 17% of our survey respondents were in the high physical 278
activity category versus 62% of adults aged 18-65 years in the USA (28). The reasons for this are not 279 fully understood, but might at least be partly explained by the fact that many people reported 280 experiencing IBD-related limitations to physical activity such as pain, fatigue, disease flare-up and 281 increased toilet urgency. Further research is needed to better understand the extent to which 282 physical activity barriers and facilitators differ among specific sub-groups (e.g., CD versus UC/IC; 283 active disease versus inactive disease), as this will assist in the design and tailoring of physical 284 activity interventions. 285
286
A secondary objective of this study was to explore clinical and psychological correlates of fatigue. 287
Fatigue is very common in IBD (29, 30). It is often associated with increased disease activity, pain, 288 poor sleep quality, depression, and perceived stress (31). In the present study, fatigue was most 289 prevalent in those with CD, females, those with high disease activity and those reporting lower levels 290 of physical activity. Similar differences in prevalence of fatigue between CD and UC, gender and 291 disease activity have been previously observed in a longitudinal study which, like ours, drew 292 attention to patients with CD suffering more severe fatigue than those with UC, females being more 14 prone to it than males and fatigue levels increasing in line with disease severity (32). Another 294 longitudinal study examined factors reducing fatigue and noted that regular exercise improved 295 physical fatigue (33), corroborating our finding of fatigue being more prevalent in those reporting 296 low levels of physical activity. In terms of predictors of fatigue, our adjusted models showed that 297 both in CD and UC, anxiety and depression were associated with fatigue, which is consistent with the 298 two previous longitudinal studies (32, 33) and the previous cross-sectional data summarised in a 299 recent review (34). Graff et al. (32) explained this association by common pathways, and particularly 300 pro-inflammatory cytokines contributing to mood changes, inflammation and fatigue, and 301 neuroendocrine factors linking stress, inflammation and fatigue. Further, Graff et al. (32) also 302 noticed that fatigue increases over time in IBD and that this process appears to be independent of 303 disease activity, as some patients with inactive IBD also report significant levels of fatigue. In the 304 present study, we observed a relationship between duration of illness (indicated by time since 305 diagnosis) and fatigue in patients with CD. It is unclear why the same was not found in our 306 participants with UC as that's contrary to previous observations. Further to this, disease activity 307 predicted fatigue in CD and not UC. This perhaps could be explained by generally lower levels of 308 fatigue reported in UC. Interestingly, at the multivariable level, female gender explained fatigue in 309 UC but not in CD. Females in general report higher levels of fatigue than males (35). The fact that 310 gender did not predict fatigue in CD may thus have more to do with our sample (predominantly 311 female) than the actual differences between CD and UC. These predictors of fatigue, and particularly 312 anxiety and depression which we identified as common for both CD and UC, may suggest that 313 therapies targeting mental symptoms may be useful in also addressing fatigue comorbid with IBD. 314 Solution-focused therapy has shown promise (36), however there are very few interventional studies 315 in the area and more needs to be done to propose effective therapies for fatigue in IBD. 316
317
The strengths of this study include the use of a large clinically-and demographically-diverse sample 318 and the exploration of a broad range of factors pertaining to physical activity. The limitations of this 15 study also need to be acknowledged. Firstly, as the data are cross-sectional, we cannot confirm the 320 direction of relationships between physical activity, fatigue, and other disease and psychological 321 variables. Secondly, the results might be prone to bias due to the exclusive use of self-reported data. 322
For example, physical activity levels may have been under-or over-reported, and peoples' disease 323 activity may have been incorrectly categorised. Thirdly, the fact that participants for this survey were 324 self-selected and predominantly recruited via social network advertisements means that the results 325 might not be directly generalisable to the wider IBD population. Of particular note, around 75% of 326 respondents were female meaning that the results might not be directly relevant to males. 327
328
In summary, this large online survey has shown that the majority of respondents with IBD have low 329 levels of physical activity. Associated factors included depression, disease activity and perceived 330 barriers to exercise. A large proportion of respondents cited IBD-related limitations to physical 331 activity such as pain, fatigue and increased toilet urgency. Given that regular physical activity may 332 have numerous general and condition-specific benefits in people with IBD, attempting to increase 333 participation of the IBD population in this vital health behaviour is probably a worthwhile pursuit. 334
The results highlight several important factors that should be considered by designers of physical 335 activity interventions for this population. Further research is now needed to better understand the 336 barriers and facilitators of physical activity in specific sub-groups of patients, to determine the 337 effects of different exercise programmes on important outcomes (e.g., fatigue, disease activity, and 338 mental well-being), and to identify cost-effective interventions that have good potential for 339 widespread implementation. Such efforts will help pave the way for the development of evidence-340 based physical activity guidelines for people with IBD. 341 342 Author Contributions 343 KJ and GT contributed to the design of the survey. KJ collated the results and conducted the analyses 344 under the supervision of AMW and GT. All authors interpreted the data. GT drafted the manuscript.
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Figure Legends 440
Figure 1
The most common types of physical activity/exercise that respondents participated 441 in during the last year (Panel A) and avoided because of IBD (Panel B) 442
Figure 2
Reasons given for IBD limiting participation in physical activity/exercise 443 Outcome (CD only); P-SCCAI, Patient-based Simple Clinical Colitis Activity Index (UC/IC only) 454 a 5.6% (n = 25) CD respondents and 7.3% (n = 30) UC/IC respondents did not complete 455 456 Table 2 Clinical Including only those variables that were statistically significant in the First Model Including only those variables that were statistically significant in the First Model
